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ACTUATORS REPORT AYAILABILIIIES 
CROSS-REFER E NCE TO RELATE D APPLICATION 
[0001] The present application is a continuation-in-part of U.S. Application No. 10/063,953 
filed on May 29, 2002, entitled COMPLETE VEHICLE CONTROL, now U.S. Patent No. 

, the entire contents of which are hereby incorporated herein by 

reference. 



BACKOROUNP OF THE INVENTION 
[0002] The present invention relates to a control system, and in particular to a control system 

for a motor vehicle. 

[0003] Control systems for motor vehicles command various actuators of the motor vehicles to 

perform certain tasks. Examples of control systems include traction control systems, anti-lock 
braking systems and stability control systems. Each of these control systems has a particular 
function that is carried out when certain information is sensed by the vehicle. For example, 
the anti-lock braking system will prevent the tires of the vehicle from locking during braking. 
Furthermore, vehicle control systems coordinate some or all of the actuators of the vehicle to 
produce a desired vehicle movement or procedure. 

[0004] Heretofore, total control structures for motor vehicles have included coordinating 

elements which convert a command from a higher hierarchical level into commands for 
elements of a lower hierarchical level. The contents of the commands, which are transmitted 
from above to below in the hierarchical structure, define physical variables that determine the 
interfaces between the individual hierarchical levels. The command flow is only from a higher 
hierarchical level to a lower hierarchical level. U.S. Patent Nos. 5,351,776 and 6,154,688 
disclose control systems wherein the command flows only from the higher hierarchical level to 
the lower hierarchical level. However, the aforementioned control systems do not revise their 
commands to the lower hierarchical levels when the actuators being commanded by the lower 
hierarchical levels cannot carry out the commands. 
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[0005] Accordingly, an apparatus solving the aforementioned disadvantages and having the 
aforementioned advantages is desired. 



S UMMARY OF THE INVENTION 
[0006] One aspect of the present invention is to provide a vehicle control configuration 

comprising a hierarchical control system including an upper hierarchical level and a lower 
hierarchical level. The upper hierarchical level communicates to the lower hierarchical level 
by sending downward signals and the lower hierarchical level communicates to the upper 
hierarchical level by sending upward signals. The downward signals include at least one 
request for vehicle modification. Furthermore, the upward signals include availabilities of the 
lower hierarchical level independent of the request for vehicle modification. 
[0007] Another aspect of the present invention is to provide a vehicle control system 

comprising a vehicle motion control subsystem having a control input and a control output. 
The vehicle control system also includes a suspension coordinator subsystem including a 
subsystem input and a subsystem output. The vehicle motion control subsystem outputs 
downward signals out of the control output to the subsystem input of the suspension 
coordinator subsystem. Moreover, the suspension coordinator subsystem outputs upward 
signals out of the subsystem output to the control input of the vehicle motion control 
subsystem. The downward signals include at least one request for vehicle modification. 
Furthermore, the upward signals include availabilities of the lower hierarchical level 
independent of the request for vehicle modification. 
[0008] Yet another aspect of the present invention is to provide a method of controlling a 

vehicle comprising providing the vehicle with a hierarchical control system including an upper 
hierarchical level and a lower hierarchical level. The method also includes communicating 
downward signals from the upper hierarchical level to the lower hierarchical level and 
communicating upward signals from the lower hierarchical level to the upper hierarchical 
level. The downward signals include at least one request for vehicle modification and the 
upward signals include availabilities of the lower hierarchical level independent of the request 
for vehicle modification. 
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[0009] 



These and other features, advantages, and objects of the present invention will be 
further understood and appreciated by those skilled in the art by reference to the following 
specification, claims and appended drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Figs. 1A and IB are schematics of a vehicle control system of the present invention. 

[0011] Fig. 2 is a schematic of a portion of the vehicle control system of the present invention 

showing the internal processes for developing a drive train and brakes behavior modification 

demand signal. 

[0012] Fig. 3 is a schematic of a portion of the vehicle control system of the present invention 

showing the internal processes for developing a steering behavior modification demand signal. 

[0013] Fig. 4 is a schematic of a portion of the vehicle control system of the present invention 

showing the internal processes for developing a suspension behavior modification demand 
signal. 

[0014] Figs. 5 A and 5B disclose a block diagram illustrating a methodology for controlling a 

vehicle using the vehicle control system of the present invention. 
[0015] Fig. 6 discloses a block diagram illustrating a methodology for controlling a suspension 

of the vehicle using a suspension coordinator subsystem of the present invention. 
[0016] Fig. 7 discloses a block diagram illustrating a methodology for controlling drive train 

and brakes of the vehicle using a drive train and brakes coordinator subsystem of the present 

invention. 

[0017] Fig. 8 is a schematic of an upper hierarchical level and a lower hierarchical level of the 

vehicle control system wherein the lower hierarchical level is communicating abilities of the 

lower hierarchical level to the upper hierarchical level. 
[0018] Fig. 9 is a schematic of a suspension coordinator subsystem communicating abilities of 

the suspension coordinator controller to the vehicle motion control subsystem. 
[0019] Fig. 10 discloses a block diagram illustrating a methodology for controlling a vehicle 

by communicating abilities of the lower hierarchical level of a vehicle control system to the 

upper hierarchical level. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0020] For purposes of description herein, it is to be understood that the invention may assume 
various alternative orientations, except where expressly specified to the contrary. It is also to 
be understood that the specific devices and processes illustrated in the attached drawings, and 
described in the following specification are simply exemplary embodiments of the inventive 
concepts defined in the appended claims. Hence, specific dimensions and other physical 
characteristics relating to the embodiments disclosed herein are not to be considered as 
limiting, unless the claims expressly state otherwise. 
[0021] Referring to Fig, 1A, reference number 10 generally designates a first portion of a 

vehicle control system embodying the present invention. In the illustrated example, the first 
portion 10 of the vehicle control system includes a vehicle motion control subsystem 12 that 
has an input receiving an intended driving demand 14 and a plurality of coordinator subsystems 
16 for coordinating actuators of the vehicle. The vehicle motion control subsystem 12 
communicates with the coordinator subsystems 16 to determine the capabilities of the 
coordinator subsystems 16 for carrying out the intended driving demand 14. The vehicle 
motion control subsystem 12 will distribute demand signals among one or more of the 
coordinator subsystems 16 to allow the vehicle to implement the intended driving demand 14. 
[0022] In the illustrated example, the vehicle control system comprises a hierarchy including 

five tiers of control levels for controlling vehicle behavior modifications. Fig. 1A illustrates 
the input from the top two control tiers and the bottom three control tiers. The third level 
control tier includes the vehicle motion control subsystem 12 for overall control of the six 
degrees of motion of the vehicle. The top two control tiers produce the intended driving 
demand 14 that is input into the vehicle motion control subsystem 12. The fourth level control 
tier includes the coordinator subsystems 16. The coordinator subsystems can include a steering 
coordinator subsystem 18 for controlling steering of the vehicle, a drive train and brakes 
coordinator subsystem 20 for controlling a drive train and brakes of the vehicle, and a 
suspension coordinator subsystem 22 for controlling a suspension of the vehicle. All of the 
coordinator subsystems 16 of the fourth level control tier communicate with the vehicle motion 
control subsystem 12. The fifth level control tier includes actuator control subsystems 26 for 
controlling individual actuators of the steering coordinator subsystem 18, the drive train and 
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brakes coordinator subsystem 20, and the suspension coordinator subsystem 22. Each actuator 
control subsystem 26 communicates with one of the coordinator subsystems 16. 

[0023] The illustrated vehicle motion control subsystem 12 receives inputs from a driver 11 of 

the vehicle and active assist programs for the vehicle and divides the inputs into individual 
commands for each of the coordinator subsystems 16. As seen in Fig. IB, a second portion 
21 of the vehicle control system comprises a driver subsystem 15 and an active assist 
subsystem 17 defining the top two control tiers of the vehicle control system. A plurality of 
sensors 13 for sensing the driver inputs directly from the driver 11 of the vehicle input the 
driver inputs into the driver subsystem 15. The driver inputs are preferably read from the 
desired vehicle movement or behavior modification as specified by the driver 11 of the vehicle 
as measured through driver controls. The driver inputs can include the position of a brake 
pedal as measured through a sensor, the position of an acceleration pedal as measured through 
a sensor, the position of a steering wheel as measured through a sensor, the gear range 
selection of the vehicle (e.g., gear range "D" telling the transmission to use 1st, 2nd, 3rd, 4th 
and 5th gear, gear range "2" telling the transmission to use 1st and 2nd gear, etc.), etc. The 
driver subsystem 15 forms the first level control tier of the control hierarchy. All of the driver 
inputs are preferably input into the driver subsystem 15 at the first level control tier of the 
control hierarchy and are thereafter transferred to the active assist subsystem 17 comprising the 
second level control tier of the control hierarchy. 

[0024] In the illustrated example, the active assist subsystem 17 of the second level control tier 

of the control hierarchy receives the output from the driver subsystem 15 and, in certain 
situations, combines the output from the driver subsystem 15 with outputs from active assist 
programs of the vehicle to form the intended driving demand 14. Active assist programs can 
include active cruise control, active collision mitigation, lane keeping aid and intelligent speed 
adaptation programs used by the vehicle. It is contemplated that other active assist programs 
can also be used. The active assist subsystem 17 of the control hierarchy receives inputs from 
an environment evaluator 19 that interprets measurement of the environment 23 around the 
vehicle measured through sensors 25. The inputs from the environment evaluator are 
environmental data. For example, the environment evaluator 19 will detect objects and 
recognize the terrain around the vehicle for helping to determine the distance of a vehicle in 



5 



front of the measuring vehicle for use in determining if the vehicle should slow down while 
using the active cruise control to maintain a safe distance behind a leading vehicle or for 
determining lane markings. The environment evaluator 23 can also determine the location of 
the vehicle as measured by a global positioning satellite (GPS). The active assist programs 
have an "on" setting wherein the active assist program outputs at least one active input and an 
"off setting where the active assist program does not output any signals. If no active assist 
programs are running (i.e., in an "off" setting) or if the driver of the vehicle overrules all 
inputs from the active assist programs, the intended driving demand 14 is derived from the 
driver inputs. If one or more active assist programs are running (i.e., in an "on" setting) and 
the driver of the vehicle does not overrule the inputs from the active assist programs, the 
intended driving demand comprises a combination of the commands from the driver inputs and 
the inputs from the active assist programs or the inputs from the active assist programs alone. 
It is also contemplated that the intended driving demand 14 as described above can be input 
into the vehicle motion control subsystem 12 from each driver control and active assist 
program separately if only the bottom three control tiers of the vehicle control system are used 
in a vehicle. Each of the driver inputs and the active assist programs as described above are 
well known to those skilled in the art. 
[0025] The vehicle motion control subsystem 12 (Fig. 1A) receives the intended driving 

demand 14 from the second portion 21 of the vehicle control system. In the illustrated 
example, the vehicle motion control subsystem 12 will not be able to determine whether the 
intended driving demand 14 is derived from the driver inputs and/or the active inputs. The 
vehicle motion control subsystem 12 also receives inputs from sensors 29 on the vehicle 27 
relaying vehicle state measurements of the vehicle 27. The vehicle state measurements of the 
illustrated invention inputted into the vehicle motion control subsystem 12 include the physical 
characteristics of the vehicle as determined by a vehicle state estimator 28 using the readings of 
the sensors 29 measuring the characteristics of the vehicle 27. The vehicle state measurements 
can include the traction of the vehicle, the motion of the vehicle in six directions (e.g., 
longitudinal, lateral, vertical (heave), yaw, roll, and pitch), etc. All of the vehicle state 
measurements define a vehicle state of the vehicle. The vehicle motion control subsystem 12 
receives the vehicle state measurements in order to determine what changes must be made to 
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the vehicle to accomplish the intended driving demand 14. The vehicle state measurements are 
also transferred to other control tiers as discussed below. All of the vehicle state 
measurements, methods of sensing the vehicle, and equipment and methods used to determine 
the vehicle state measurements as described directly above are well known to those skilled in 
the art. 

[0026] In the illustrated example, the coordinator subsystems 16 communicate with the vehicle 

motion control subsystem 12 for receiving inputs for carrying out the intended driving demand 
14. The coordinator subsystems 16 preferably include the steering coordinator subsystem 18, 
the drive train and brakes coordinator subsystem 20, and the suspension coordinator subsystem 
22. Each of the coordinator subsystems 16 include an input that receives a signal from the 
vehicle motion control subsystem 12 commanding the coordinator subsystem 16 to implement a 
particular vehicle behavior modification. Therefore, the steering coordinator subsystem 18 
receives a steering behavior modification demand signal conveying a steering behavior 
modification demand from the vehicle motion control subsystem 12. The steering behavior 
modification demand instructs the steering coordinator subsystem 18 to make a steering 
behavior modification (e.g., steer the vehicle in a certain lateral direction). Likewise, the 
drive train and brakes coordinator subsystem 20 receives a drive train and brakes behavior 
modification demand signal conveying a drive train and brakes behavior modification demand 
from the vehicle motion control subsystem 12. The drive train and brakes behavior 
modification demand instructs the drive train and brakes coordinator subsystem 20 to make a 
drive train and brakes behavior modification (e.g., move the vehicle in a certain longitudinal 
direction). Moreover, the suspension coordinator subsystem 22 receives a suspension behavior 
modification demand signal conveying a suspension behavior modification demand from the 
vehicle motion control subsystem 12. The suspension behavior modification demand instructs 
the suspension coordinator subsystem 22 to make a suspension behavior modification (e.g., 
manipulate the vehicle in a certain vertical (heave) direction). Each behavior modification 
demand of the coordinator subsystems 16 can also affect the motion of the vehicle in other 
directions. For example, the steering coordinator subsystem 18 can affect the yaw motion of 
the vehicle by turning the front wheels of the vehicle and can affect the roll motion of the 
vehicle by turning (thereby causing the side of the vehicle with the smaller turning radius to 
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roll upward). As additional examples, the drive train and brakes coordinator subsystem 20 can 
affect the yaw motion by braking only one side of the vehicle and the suspension coordinator 
subsystem 22 can affect the longitudinal motion of the vehicle by altering the suspension of the 
vehicle to provide for improved traction. Furthermore, as discussed in more detail below, 
each coordinator subsystem 16 also provides an output to the vehicle motion control subsystem 
12 for communicating capabilities of the coordinator subsystems 16. The capabilities of the 
coordinator subsystems 16 are the combination of the actuator control subsystems 26 
communicating with an associated coordinator subsystem 16. Although three coordinator 
subsystems 16 are shown and described herein, it is contemplated that any number of 
coordinator subsystems 16 can be used in the vehicle control system. 

[0027] Once the illustrated coordinator subsystems 16 receive their instructions from the 

vehicle motion control subsystem 12, the coordinator subsystems 16 delegate responsibilities 
for carrying out the instruction from the vehicle motion control subsystem 12 and output 
instructions into the actuator control subsystems 26. In the illustrated embodiment, the 
steering coordinator subsystem 18 apportions the steering behavior modification demand from 
the vehicle motion control subsystem 12 to a front-wheel steering control subsystem 30 and a 
rear wheel steering control subsystem 32. The front-wheel steering control subsystem 30 and 
the rear wheel steering control subsystem 32 primarily steer the vehicle in a certain lateral 
direction as well as affect motion of the vehicle in other directions. 

[0028] The illustrated drive train and brakes coordinator subsystem 20 apportions the drive 

train and brakes behavior modification demand from the vehicle motion control subsystem 12 
to a brake control subsystem 34 controlling brakes of the vehicle, an engine control subsystem 
36 controlling an engine of the vehicle, a transmission control subsystem 38 controlling a 
transmission of the vehicle, an all-wheel drive (A WD) control subsystem 35, an integrated 
starter/generator (ISG) control subsystem 37 controlling an integrated starter/generator and a 
battery management control subsystem 39 controlling a battery. The brake control subsystem 
34, the engine control subsystem 36, the transmission control subsystem 38, the all-wheel drive 
(AWD) control subsystem 35, the integrated starter/generator (ISG) control subsystem 37 and 
the battery management control subsystem 39 primarily move the vehicle in the longitudinal 
direction as well as affect motion of the vehicle in other directions. 
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[0029] The illustrated suspension coordinator subsystem 22 apportions the suspension behavior 

modification demand from the vehicle motion control subsystem 12 to a damping control 
subsystem 42 controlling damping of the suspension of the vehicle, a roll control subsystem 44 
controlling roll of the vehicle and a leveling control subsystem 46 controlling a level of the 
vehicle. The damping control subsystem 42 controls damping of the suspension of the vehicle, 
and the roll control subsystem 44 and the leveling control subsystem 46 primarily move the 
vehicle in the heave direction as well as affect motion of the vehicle in other directions. The 
actuator control subsystems 26 listed above are illustrative, and not exhaustive, of the actuator 
control subsystems 26 that can be used in the vehicle control system. For example, a tire 
pressure control subsystem functionally located below the suspension coordinator subsystem 22 
can also be employed. 

[0030] Fig. 2 is a schematic of a portion of the vehicle control system of the present invention 

showing the internal processes for developing the drive train and brakes behavior modification 
demand signal. First, the driver inputs on a brake pedal and an acceleration pedal are 
measured through a brake pedal sensor 100 and an acceleration pedal sensor 102, respectively. 
The driver input is measured on the brake pedal sensor 100 and interpreted in the driver 
subsystem 15 as at least one of the force of the pressure on the brake pedal, the travel distance 
of the brake pedal and the activation (depression without measuring the force) of the brake 
pedal. The brake pedal sensor 100 transfers this information as a braking force request (i.e., 
deceleration of the mass of the vehicle) to a longitudinal force block 104 of the driver 
subsystem 15. 

[0031] The driver input is measured on the acceleration pedal sensor 102 as the travel distance 

or position of the acceleration pedal. The acceleration pedal sensor 102 will transfer this 
driver input as either a requested acceleration or a requested velocity, depending on the driving 
mode of the vehicle. The driving mode of the vehicle can be determined by a switch in the 
vehicle. In a first mode, if the vehicle is in a low speed mode as set by a switch or if a cruise 
control switch is activated, the acceleration pedal sensor 102 will transfer a longitudinal 
velocity request to a longitudinal velocity block 106. The second mode of the vehicle 
encompasses every other state of the vehicle not in the first mode. In the second mode, the 
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acceleration pedal sensor 102 will transfer a traction force request (i.e., acceleration of the 
mass of the vehicle) to the longitudinal force block 104. 

[0032] In the illustrated example, the longitudinal force block 104 will transfer the force 
request (traction or braking) to an acceleration determination block 108 wherein the force 
request of the vehicle is divided by the nominal mass of the vehicle (i.e., static, unloaded mass 
of the vehicle) to obtain a mass independent acceleration request. The mass independent 
acceleration request is transferred to a first arbitration block 110 in the active assist subsystem 
17. The longitudinal velocity block 106 transfers the longitudinal velocity request to a velocity 
control block 112 in the active assist subsystem 17 if the longitudinal velocity request comes 
from the cruise control or to a vehicle force distribution block 114 in the vehicle motion 
control subsystem 12 (through the active assist subsystem 17) if the longitudinal velocity 
request comes from the low speed mode. Preferably, the driver subsystem 15 and the active 
assist subsystem 17 communicate to each other through one node such that all information 
coming from the driver subsystem 15 is transferred together to the active assist subsystem 17. 
Additionally, only the driver subsystem 15 has to be altered if driver inputs are added or 
removed from communicating with the vehicle control system. 

[0033] The illustrated active assist subsystem 17 includes the first arbitration block 110 and the 

velocity control block 112. The velocity control block 112 includes the active assist programs 
that affect longitudinal motion of the vehicle. When the velocity control block 112 receives the 
longitudinal velocity request, the velocity control block 112 will compare the longitudinal 
velocity request, possibly modified by a radar signal (i.e., environmental data) from the 
environment evaluator 19 if adaptive cruise control or collision mitigation is operating, to an 
actual velocity of the vehicle (as measured by the sensors 29 on the vehicle 27 and the vehicle 
state estimator 28 and transferred from the vehicle motion control subsystem 12 to the active 
assist subsystem 17). With the comparison, the velocity control block 112 can determine the 
required acceleration of the vehicle to achieve the velocity of the longitudinal velocity request. 
The required acceleration (i.e., at least one active input) of the vehicle is then transferred from 
the velocity control block 112 to the first arbitration block 110. 

[0034] The required acceleration of the vehicle from the vehicle control block 112 (if 

applicable) is compared to the requested acceleration from the acceleration determination block 
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108 in the first arbitration block 110 to determine if the driver wants to overrule the required 
acceleration from the velocity control block 112 by pressing the acceleration pedal or the brake 
pedal (as determined by the occurrence of the requested acceleration). For example, the driver 
of the vehicle may want to be closer to a preceding vehicle that the adaptive cruise control is 
programmed to allow. The first arbitration block 110 will then send out a desired acceleration 
to a mass modifier block 116 in the vehicle motion control subsystem 12. The desired 
acceleration will be the requested acceleration if the velocity control block 112 is not 
outputting a signal (i.e., the at least one active input) or if the first arbitration block 110 
determines that the driver wants to overrule the required acceleration (i.e. , the at least one 
active input). Otherwise, the first arbitration block 110 will send out the required acceleration 
as transferred from the velocity control block 112. Therefore, the drive train and brake 
portion of the intended driving demand will be derived from the at least one driver input and 
the at least one active input if the at least one active assist program is in the "on" setting and 
the driver of the vehicle does not override the at least one active input. Otherwise, the drive 
train and brake portion of the intended driving demand will be the at least one driver input. 
Preferably, the active assist subsystem 17 and the vehicle motion control subsystem 12 
communicate to each other through one node such that all information coming from the active 
assist subsystem 17 is transferred together to the vehicle motion control subsystem 17. 
Additionally, only the active assist subsystem 17 has to be altered if active assist programs are 
added or removed from the vehicle control system. 
[0035] In the illustrated example, the vehicle motion control subsystem 12 will receive the 

requested acceleration or the required acceleration from the first arbitration block 110 of the 
active assist subsystem 17 or the requested velocity from the longitudinal velocity block 106 of 
the driver subsystem 15 (via the active assist subsystem 17), The requested acceleration, the 
required acceleration and/or the requested velocity form a longitudinal movement portion of 
the intended driving demand 14. The vehicle motion control subsystem 12 receives the 
requested acceleration or the required acceleration in the mass modifier block 116. The mass 
modifier block 116 converts the requested acceleration or the required acceleration by the 
actual mass (one of the vehicle state measurements) of the vehicle as reported to the vehicle 
motion control subsystem 12 through the vehicle state estimator 28 to form a desired 
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longitudinal force. The mass modifier block 116 then passes the desired longitudinal force to 
the vehicle force distribution block 114. The vehicle force distribution block 114 then 
modifies the desired longitudinal force or velocity request into a wheel torque request or wheel 
velocity request, respectively, for each of the four wheels of the vehicle to be passed on to the 
drive train and brakes coordinator subsystem 20. The force distribution block 114 will also 
modify the requested wheel torque or velocity to accomplish non-longitudinal demands of the 
intended driving demand, such as creating a yaw moment through braking one side of the 
vehicle (i.e., negative wheel torque). The wheel torque request or the wheel velocity request 
is the drive train and brakes behavior modification demand signal. 
[0036] Fig. 3 is a schematic of a portion of the vehicle control system of the present invention 

showing the internal processes for developing the steering behavior modification demand 
signal. First, the driver input on a steering wheel is measured through a steering wheel sensor 
120. The driver input is measured on the steering wheel sensor 120 as at least one of the angle 
of the steering wheel and the torque of the steering wheel. The steering wheel sensor 120 
transfers this information to a steering model block 122 of the driver subsystem 15. Using a 
reference model in the steering model block 122, the steering model block 122 can determine 
the driver requests for wheel angles, yaw rate and vehicle slip angle. The steering reference 
model and the method of determining the desired wheel angles, yaw rate and vehicle slip angle 
are well known to those skilled in the art. Angles for the front pair or rear pair of wheels can 
typically only be requested in a steer-by-wire vehicle. The desired wheel angles, yaw rate and 
vehicle slip angle are sent from the steering model block 122 to a second arbitration block 124 
in the active assist subsystem 17. As stated above, the driver subsystem 15 and the active 
assist subsystem 17 preferably communicate to each other through one node such that all 
information coming from the driver subsystem 15 is transferred together to the active assist 
subsystem 17 and for altering the driver subsystem 15 alone for adding or removing driver 
inputs. 

[0037] The illustrated active assist subsystem 17 includes the second arbitration block 124 and 

a virtual driver block 126. The virtual driver block 126 includes the portion of the active assist 
programs that affect the steering or lateral motion of the vehicle. For example, a collision 
mitigation program will output a signal requesting lateral motion when a radar signal from the 
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environment evaluator 19 tells the program that a side vehicle is too close to the controlled 
vehicle. The virtual driver block 126 will have an output of required wheel angles, yaw rate 
and vehicle slip angle (i.e., the at least one active input) to the second arbitration block 124. 
The second arbitration block 124 will compare the output from the steering model block 122 to 
the output from the virtual driver block 126 to determine if the driver inputs for steering 
should be overruled by the output from the virtual driver block 126. For example, the virtual 
driver block 126 may overrule the steering of the driver of the vehicle for collision mitigation. 
Therefore, the steering portion of the intended driving demand will be the at least one active 
input if the at least one active assist program is in the on setting and the at least one active 
input does not override the at least one driver input. Otherwise, the steering portion of the 
intended driving demand will be derived from the at least one driver input. As stated above, 
the active assist subsystem 17 and the vehicle motion control subsystem 12 preferably 
communicate to each other through one node such that all information coming from the active 
assist subsystem 17 is transferred together to the vehicle motion control subsystem 12 and for 
altering the active assist subsystem 17 alone for adding or removing active assist programs. 
[0038] In the illustrated example, the vehicle motion control subsystem 12 will receive the 

desired wheel angles, yaw rate and vehicle slip angle from the arbitration block 124 of the 
active assist subsystem 17. The desired wheel angles, yaw rate and vehicle slip angle are input 
into a yaw and slip angle control block 128 in the vehicle motion control subsystem 12. The 
yaw and slip angle control block 128 will compare the requested yaw rate to the actual yaw 
rate (one of the vehicle state measurements reported from the vehicle state estimator 28) to 
form a desired yaw moment. In case of four wheel steering, the yaw and slip angle control 
block 128 will also compare the requested vehicle slip rate to the actual vehicle slip rate (one 
of the vehicle state measurements reported from the vehicle state estimator 28) to form a 
desired slip rate that is output as desired wheel angles. The desired yaw moment and the 
desired wheel angles are output from the yaw and slip angle control block 128 to the vehicle 
force distribution block 114 in the vehicle motion control subsystem 12. The method of 
determining the yaw moment and the desired wheel angles are well known to those skilled in 
the art. The force distribution block 114 translates the desired yaw moment into yaw wheel 
angles required to achieve the desired yaw moment and combines the yaw wheel angles with 
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the desired wheel angles to form an overall wheel angle request. The force distribution block 
1 14 will also modify the desired wheel angles to accomplish non-lateral demands of the 
intended driving demand, such as creating a suspension behavior modification through steering 
(e.g., forcing the vehicle to roll). The overall wheel angle request is the steering behavior 
modification demand signal. 
[0039] Fig. 4 is a schematic of a portion of the vehicle control system of the present invention 

showing the internal processes for developing the suspension behavior modification demand 
signal. The driver typically has no pedal or lever that dynamically controls the suspension 
behavior of the vehicle, but can request specific suspension behavior 130 of the suspension for 
certain dynamic events or for the vehicle in any mode (e.g., leveling height or damping mode). 
Typically, the driver requests a certain operation mode and/or parameter setting for the vehicle 
that forms the suspension or vertical portion of the intended driving demand 14. In the vehicle 
motion control subsystem 12, the vehicle force distribution block 114 will use suspension 
behavior modification programs (e.g., active suspension, electronic stability program, etc.) to 
modify the vehicle with a roll torque, pitch torque and heave force. The roll torque, pitch 
torque and heave force are translated into a desired vertical force for each wheel that is output 
from the vehicle motion control subsystem 12 to the suspension coordination subsystem 22. 
The force distribution block 1 14 will also modify the desired vertical force for each wheel to 
accomplish non-vertical demands of the intended driving demand, such as creating a steering 
behavior modification through suspension behavior modification (e.g., forcing the vehicle to 
turn). The requested vertical force on the wheels is the suspension behavior modification 
demand signal. 

[0040] The illustrated vehicle control system of the present invention enhances the 

performance of the vehicle by distributing commands from the vehicle motion control 
subsystem 12 to the coordinator subsystems 16 based upon physical capabilities of the actuator 
control subsystems 26. Referring to Figs. 5A and 5B, a method 50 of controlling a vehicle 
with the vehicle control system is shown. Beginning at step 52 of the method 50 of controlling 
the vehicle, the driver inputs from the driver 11 of the vehicle are inputted into the driver 
subsystem 15. The driver inputs are processed as discussed above and then sent to the active 
assist subsystem 17 at step 54. 
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[0041] At this point, the vehicle control system determines if any active assist programs are in 

the "on" setting at decision step 56. If the active assist program is in the "on" setting and the 
driver of the vehicle does not overrule all active inputs, a combination of the at least one driver 
input and at least one active input or at least one active input alone defines the intended driving 
demand 14. Therefore, if the active assist program is in the "on" setting and the driver of the 
vehicle does not overrule all active inputs, the intended driving demand 14 defined by either a 
combination of the driver inputs and active input from the active assist programs or the at least 
one active input alone is input into the vehicle motion control subsystem 12 at step 58. 
However, if the active assist program is in the "off" setting or the driver of the vehicle 
overrules all active inputs, the driver inputs define the intended driving demand 14. 
Therefore, if the at least one active assist program is in the "off 9 setting and/or the driver of 
the vehicle overrules the active inputs, the intended driving demand 14 defined by the driver 
inputs is input into the vehicle motion control subsystem 12 at step 60. 

[0042] The next three steps in the method of controlling a vehicle occur continuously, even if 

the intended driving demand 14 is not being input into the vehicle motion control subsystem 
12. First, the vehicle state measurements are inputted into the vehicle motion control 
subsystem 12 from the vehicle state estimator 28 and data therefrom is transferred to each 
control tier in the vehicle control system at step 62. Second, the coordinator subsystems 16 
will determine their capabilities at step 64. As discussed in more detail below, the capabilities 
of each coordinator subsystem 16 are a combination of all of the capabilities of the actuator 
control subsystems 26 functionally located under each coordinator subsystem 16 as determined 
by the data of the vehicle state measurements and measurements from actuator state estimators 
communicating with each actuator control subsystem 26. For example, a first one of the 
coordinator subsystems 16 can be the drive train and brakes coordinator subsystem 20 
determining that it is capable of providing up to 3.0 Newton meters of braking wheel torque as 
measured by a combination of the braking wheel torque capabilities of the actuator control 
subsystems 26 communicating with the drive train and brakes coordinator subsystem 20. 
Although the drive train and brakes coordinator subsystem 20 is used in the above example, 
the coordinator subsystems 16 in step 64 could be any of the coordinator subsystems 16. Third, 
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the coordinator subsystems 16 will output their capabilities to the vehicle motion control 
subsystem 12 at step 66. 

[0043] After the intended driving demand 14 has been input into the vehicle motion control 

subsystem 12 at step 58 or 60, the vehicle motion control subsystem 12 will calculate at least 
one of a first demand signal, a second demand signal and a third demand signal at step 68. 
The calculation at step 68 is dependent on the capabilities of the first, second and third 
coordinator subsystems 16. The demand signals to the coordinator subsystems 16 will 
preferably not demand more from the coordinator subsystems 16 than a particular coordinator 
subsystem 16 is capable of providing as determined by the capability of the particular 
coordinator subsystem 16. For example, if the steering coordinator subsystem 18 is only 
capable of providing 3.0 Newton meters of yaw torque by altering the angles of the wheels and 
the intended driving demand requires 3.5 Newton meters of yaw torque, the vehicle motion 
control subsystem 12 will calculate a first demand signal for the steering coordinator subsystem 
18 for 3.0 Newton meters (or less) of yaw torque and will send out a second demand signal to 
the drive train and brakes coordinator subsystem 20 requesting 0.5 Newton meters of yaw 
torque by instructing the drive train and brakes coordinator subsystem 20 to brake (braking 
wheel torque) one side of the vehicle (if possible). Therefore, the vehicle motion control 
subsystem 12 can output the first demand signal, the second demand signal and/or the third 
demand signal to the steering coordinator subsystem 18, the drive train and brakes coordinator 
subsystem 20 and the suspension coordinator subsystem 22, respectively, to accomplish the 3.5 
Newton meters of yaw torque. Preferably, the vehicle motion control subsystem 12 will send 
out demand signals that do not require the coordinator subsystems 16 to perform up to their 
full capabilities. Therefore, the demand signals sent to each coordinator subsystem 16 will 
depend on the capabilities of the coordinator subsystem 16 and/or the capabilities of the other 
coordinator subsystems 16. The demand signal sent to a first coordinator subsystem 16, when 
more than one demand signal is calculated, will depend on the demand signal sent to a second 
coordinator subsystem 16, which depends on the capabilities of the second coordinator 
subsystem 16. 

[0044] The at least one of the first demand signal, the second demand signal and the third 

demand signal are then output from the vehicle motion control subsystem 12 to at least one of 
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the first, second and third coordinator subsystems 16, respectively, at step 70. Finally, the at 
least one of the first, second and third coordinator subsystems 16, via the actuator control 
subsystems 26, perform the vehicle behavior modification at step 72. 

[0045] The illustrated suspension coordinator subsystem 22 of the present invention also 

enhances the performance of the suspension of the vehicle by distributing commands from the 
suspension coordinator subsystem 22 to the actuator control subsystems 26 functionally located 
below the suspension coordinator subsystem 22 based upon physical capabilities of the actuator 
control subsystems 26. Referring to Fig. 6, a method 200 of controlling a suspension of a 
vehicle with the suspension coordinator subsystem 22 is shown. Beginning at step 202 of the 
method 200 of controlling the suspension of the vehicle, the suspension behavior modification 
demand signal is inputted into the suspension coordinator subsystem 22. The suspension 
behavior modification demand signal is a signal sent to the suspension coordinator subsystem 
22 directing the suspension coordinator subsystem 22 to perform a particular behavior 
modification of the suspension of the vehicle (i.e., the suspension behavior modification). 

[0046] The actuator control subsystems 26 receive the vehicle state measurements from the 

vehicle state estimator 28 (via the motion control subsystem 12 and the suspension coordinator 
subsystem 22) that provide the state of the vehicle and actuator state measurements from an 
actuator state estimator that provide the state of the actuators at step 204. As seen in Fig. 1, 
the vehicle state measurements are preferably transferred to the actuator control subsystems 26 
through the vehicle motion control subsystem 12 and the suspension coordinator subsystem 22, 
although it is contemplated that the vehicle state measurements could be directly inputted into 
the actuator control subsystems 26. The actuator state measurements are preferably inputted 
directly into the actuator control subsystems 26. After the vehicle state measurements and 
actuator state measurements are inputted into the actuator control subsystems 26, the actuator 
control subsystems 26 will determine their capabilities to perform functions with the vehicle in 
the state of the vehicle state measurements and actuator state measurements at step 206. The 
vehicle state measurements are used to determine the capabilities of the actuator control 
subsystems 26 because the vehicle state measurements will communicate the speed of the 
vehicle, the movement of the vehicle in six directions, etc. to the actuator control subsystems 
26, all of which are used along with the actuator state measurements (which provide the 



17 



current state of the actuators of and controlled by the actuator control subsystems 26) to 
determine the capabilities of the actuator control subsystems 26. For example, a first actuator 
control subsystem 26 can be the leveling control subsystem 46 determining that it is capable of 
providing up to 3.0 Newtons of vertical force as determined by the load of the vehicle (a 
vehicle state measurement) and possible air input into an air-suspension level-control system 
(an actuator state measurement). Although the leveling actuator control subsystem 46 is used 
in the above example, the actuator control subsystem 26 could be any of the actuator control 
subsystems 26 under the suspension coordinator subsystem 22. Furthermore, although the step 
202 of inputting the suspension behavior modification demand into the suspension coordinator 
subsystem 22 is shown as occurring before the step 204 of receiving the vehicle state 
measurements and the actuator state measurements by the first actuator control subsystem 26 
and the step 206 of determining the actuator capabilities of the actuator control subsystems 26, 
steps 204 and 206 can occur simultaneously to or before the step 202 of inputting the 
suspension behavior modification demand into the suspension coordinator subsystem 22. 
Preferably, both steps 204 and 206 will occur continuously in the vehicle control system. 
[0047] After the actuator control subsystems 26 have determined their capabilities, each 

actuator control subsystem 26 will output a capability signal to the suspension coordinator 
subsystem 22 communicating the capabilities of each actuator control subsystem 26 at step 208. 
At this point, the suspension coordinator subsystem 22 will then calculate at least one partial 
suspension behavior modification demand signal at step 210 (along with combining the 
capabilities of the actuator control system 26 to form the coordinator capability of the 
suspension coordinator subsystem 22 for reporting to the vehicle motion control subsystem 12 
as discussed above). A first partial suspension behavior modification demand signal will tell a 
first actuator control subsystem 26 to perform within its first capabilities. Likewise, a second 
partial suspension behavior modification demand signal will tell a second actuator control 
subsystem 26 to perform within its second capabilities. Moreover, a third partial suspension 
behavior modification demand signal will tell a third actuator control subsystem 26 to perform 
within its third capabilities. Consequently, the first partial suspension behavior modification 
demand signal, the second partial suspension behavior modification demand signal and/or the 
third partial suspension behavior modification demand signal will provide directions for a first 
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actuator control subsystem 26, the second actuator control subsystem 26 and/or the third 
actuator control subsystem 26, respectively, to perform the suspension behavior modification 
of the suspension behavior modification demand signal. Furthermore, the first partial 
suspension behavior modification demand signal, the second partial suspension behavior 
modification demand signal and the third partial suspension behavior modification demand 
signal are therefore calculated according to the first capabilities of the first actuator control 
subsystem 26, the second capabilities of the second actuator control subsystem 26 and/or the 
third capabilities of the third actuator control subsystem 26. For example, if the suspension 
behavior modification demand signal requires more from a single actuator control subsystem 
than it is capable of providing (as determined by its capabilities), more than one partial 
suspension behavior modification demand signal will be calculated, with a first partial 
suspension behavior modification demand signal being determined according to the capabilities 
of a first actuator control system (i.e., requesting the first actuator control system to perform 
within its capabilities) and a second partial suspension behavior modification demand signal 
that depends on the capabilities of the first actuator control subsystem (a suspension behavior 
modification demand of the suspension behavior modification demand signal remaining after 
the first partial suspension behavior modification demand signal is removed). 
[0048] At this point, the at least one of the first partial suspension behavior modification 

demand signal, the second partial suspension behavior modification demand signal and the 
third partial suspension behavior modification demand signal are output from the suspension 
coordinator subsystem 22 to at least one of the first, second and third actuator control 
subsystems 26, respectively, at step 212. Finally, the at least one of the first, second and third 
actuator control subsystems 26 perform the suspension behavior modification at step 214. 
Although only three actuator control subsystems 26 are disclosed in the illustrated method 200 
of controlling the suspension of the vehicle with the suspension coordinator controller 22 and 
the vehicle control system, it is contemplated that any number of actuator control subsystems 
26 could be used. 

[0049] The illustrated drive train and brakes coordinator subsystem 20 of the present invention 

also enhances the performance of the drive train and brakes of the vehicle by distributing 
commands from the drive train and brakes coordinator subsystem 20 to the actuator control 
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subsystems 26 based upon physical capabilities of the actuator control subsystems 26 
functionally located below the drive train and brakes coordinator subsystem 20. Referring to 
Fig. 7, a method 300 of controlling a drive train and brakes of a vehicle with the drive train 
and brakes coordination subsystem 20 is shown. Beginning at step 302 of the method 300 of 
controlling the drive train and brakes of the vehicle, the drive train and brakes behavior 
modification demand signal is inputted into the drive train and brakes coordinator subsystem 
20. The drive train and brakes behavior modification demand signal is a signal sent to the 
drive train and brakes coordinator subsystem 20 directing the drive train and brakes 
coordinator subsystem 20 to perform a particular behavior modification of the drive train and 
brakes of the vehicle (i.e., the drive train and brakes behavior modification). 
[0050] The actuator control subsystems 26 receive the vehicle state measurements from the 

vehicle state estimator 28 (via the motion control subsystem 12 and the drive train and brakes 
coordinator subsystem 20) that provide the state of the vehicle and actuator state measurements 
from an actuator state estimator that provide the state of the actuators at step 304. As seen in 
Fig. 1, the vehicle state measurements are preferably transferred to the actuator control 
subsystems 26 through the vehicle motion control subsystem 12 and the drive train and brakes 
coordinator subsystem 20, although it is contemplated that the vehicle state measurements 
could be directly inputted into the actuator control subsystems 26. The actuator state 
measurements are preferably inputted directly into the actuator control subsystems 26. After 
the vehicle state measurements and actuator state measurements are inputted into the actuator 
control subsystems 26, the actuator control subsystems 26 will determine their capabilities to 
perform functions with the vehicle in the state of the vehicle state measurements and actuator 
state measurements at step 306. The vehicle state measurements are used to determine the 
capabilities of the actuator control subsystems 26 because the vehicle state measurements will 
communicate the speed of the vehicle, the movement of the vehicle in six directions, etc. to the 
actuator control subsystems 26, all of which are used along with the actuator state 
measurements (which provide the current state of the actuators of and controlled by the 
actuator control subsystems 26) to determine the capabilities of the actuator control subsystems 
26. For example, a first actuator control subsystem 26 can be the engine control subsystem 36 
determining that it is capable of providing up to 3.0 Newton meters of wheel torque as 
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determined by the speed of the vehicle (a vehicle state measurement) and possible fuel input 
into an engine (an actuator state measurement). Although the engine control subsystem 36 is 
used in the above example, the actuator control subsystem 26 could be any of the actuator 
control subsystems 26 under the drive train and brakes coordinator subsystem 20. 
Furthermore, although the step 302 of inputting the drive train and brakes behavior 
modification demand into the drive train and brakes coordinator subsystem 20 is shown as 
occurring before the step 304 of receiving the vehicle state measurements and the actuator state 
measurements by the first actuator control subsystem 26 and the step 306 of determining the 
actuator capabilities of the actuator control subsystems 26, steps 304 and 306 can occur 
simultaneously to or before the step 302 of inputting the drive train and brakes behavior 
modification demand into the drive train and brakes coordinator subsystem 20. Preferably, 
both steps 304 and 306 will occur continuously in the vehicle control system. 
[0051] After the actuator control subsystems 26 have determined their capabilities, each 

actuator control subsystem 26 will output a capability signal to the drive train and brakes 
coordinator subsystem 20 communicating the capabilities of each actuator control subsystem 26 
at step 308. At this point, the drive train and brakes coordinator subsystem 20 will then 
calculate at least one partial drive train and brakes behavior modification demand signal at step 
310 (along with combining the capabilities of the actuator control system 26 to form the 
coordinator capability of the drive train and brakes coordinator subsystem 20 for reporting to 
the vehicle motion control subsystem 12 as discussed above). A first partial drive train and 
brakes behavior modification demand signal will tell a first actuator control subsystem 26 to 
perform within its first capabilities. Likewise, a second partial drive train and brakes behavior 
modification demand signal will tell a second actuator control subsystem 26 to perform within 
its second capabilities. Moreover, a third partial drive train and brakes behavior modification 
demand signal will tell a third actuator control subsystem 26 to perform within its third 
capabilities. Consequently, the first partial drive train and brakes behavior modification 
demand signal, the second partial drive train and brakes behavior modification demand signal 
and/or the third partial drive train and brakes behavior modification demand signal will provide 
directions for a first actuator control subsystem 26, the second actuator control subsystem 26 
and/or the third actuator control subsystem 26, respectively, to perform the drive train and 
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brakes behavior modification of the drive train and brakes behavior modification demand 
signal. Furthermore, the first partial drive train and brakes behavior modification demand 
signal, the second partial drive train and brakes behavior modification demand signal and the 
third partial drive train and brakes behavior modification demand signal are therefore 
calculated according to the first capabilities of the first actuator control subsystem 26, the 
second capabilities of the second actuator control subsystem 26 and the third capabilities of the 
third actuator control subsystem 26. For example, if the drive train and brakes behavior 
modification demand signal requires more from a single actuator control subsystem than it is 
capable of providing (as determined by its capabilities), more than one partial drive train and 
brakes behavior modification demand signal will be calculated, with a first partial drive train 
and brakes behavior modification demand signal being determined according to the capabilities 
of a first actuator control system (i.e., requesting the first actuator control system to perform 
within its capabilities) and a second partial drive train and brakes behavior modification 
demand signal that depends on the capabilities of the first actuator control subsystem (a drive 
train and brakes behavior modification demand of the drive train and brakes behavior 
modification demand signal remaining after the first partial drive train and brakes behavior 
modification demand is removed). 

[0052] At this point, the at least one of the first partial drive train and brakes behavior 

modification demand signal, the second partial drive train and brakes behavior modification 
demand signal and the third partial drive train and brakes behavior modification demand signal 
are output from the drive train and brakes coordinator subsystem 20 to at least one of the first, 
second and third actuator control subsystems 26, respectively, at step 312. Finally, the at least 
one of the first, second and third actuator control subsystems 26 perform the drive train and 
brakes behavior modification at step 314. Although only three actuator control subsystems 26 
are disclosed in the illustrated method 300 of controlling the drive train and brakes of the 
vehicle with the drive train and brakes coordinator controller 20 and the vehicle control 
system, it is contemplated that any number of actuator control subsystems 26 could be used. 

[0053] Fig. 8 is a schematic of an upper hierarchical level 400 and a lower hierarchical level 

402 of the vehicle control system 10 wherein the lower hierarchical level 402 communicates 
capabilities or abilities of the lower hierarchical level 402 to the upper hierarchical level 400. 
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In the illustrated example, the upper hierarchical level 400 can include the vehicle motion 
control subsystem 12, one of the coordinator subsystems 16 or a combination thereof. 
Likewise, the lower hierarchical level can include one of the coordinator subsystems 16, one or 
more of the actuator control subsystems 26 or a combination thereof. The upper hierarchical 
level 400 communicates with the lower hierarchical level 402 by sending downward signals 
404. Furthermore, the lower hierarchical level 402 communicates with the upper hierarchical 
level 400 by sending upward signals 406. 

[0054] In the illustrated example, the downward signals 404 include at least one request for 

vehicle modification. As described above, the at least one request for vehicle modification 
comprises one of the first demand signal, the second demand signal and the third demand 
signal as calculated in the method 50 of controlling a vehicle with the vehicle control system 10 
or a demand signal from the vehicle motion control system 10 or as calculated or determined in 
any other manner when the upper hierarchical level 400 includes the vehicle motion control 
subsystem 12. Likewise, the at least one request for vehicle modification comprises at least 
one of a suspension behavior modification demand signal, at least one partial suspension 
behavior modification demand signal as calculated in the method 200 of controlling a 
suspension of a vehicle with the suspension coordinator subsystem 22, a drive train and brakes 
modification demand signal, at least one partial drive train and brakes behavior modification 
demand signal as calculated in the method 300 of controlling a drive train and brakes 
coordinator subsystem 20, a steering behavior modification demand signal or at least one 
partial steering behavior modification demand signal when the upper hierarchical level 400 
includes at least one of the coordinator subsystems 16 or a combination of at least one of the 
coordinator subsystems 16 and the vehicle motion control subsystem 12. 

[0055] The illustrated upward signals 406 include capabilities or availabilities of the lower 

hierarchical level 402 independent of the request for vehicle modification. As described 
above, the capabilities or availabilities can include the capabilities or abilities of the 
coordinator subsystems 16 as described above in the method 50 of controlling a vehicle with 
the vehicle control system 10 when the lower hierarchical level 402 includes at least one 
coordinator subsystem 16 or a combination of at least one coordinator subsystem 16 and at 
least one actuator control subsystem 26. Likewise, the capabilities or availabilities can include 
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the capabilities or abilities of at least one actuator control subsystem 26 in the method 200 of 
controlling a suspension of a vehicle with the suspension coordinator subsystem 22 as 
described above, the method 300 of controlling a drive train and brakes coordinator subsystem 
20 as described above, or the capabilities or abilities of at least one actuator control subsystem 
26 communicating with the steering coordinator subsystem 18 when the lower hierarchical 
level 402 includes at least one actuator control subsystem 26. 

[0056] Fig. 9 illustrates an example of the upper hierarchical level 400 and the lower 

hierarchical level 402 of the vehicle control system 10 wherein the lower hierarchical level 402 
communicates capabilities or abilities of the lower hierarchical level 402 to the upper 
hierarchical level 400, wherein the upper hierarchical level 400 comprises the vehicle motion 
control subsystem 12 and the lower hierarchical level 402 comprises the suspension 
coordinator subsystem 22 or a combination of the suspension coordinator subsystem 16 and the 
damping control subsystem 42, the roll control subsystem 44 and the leveling control 
subsystem 46. It is contemplated, however, that the lower hierarchical level 402 in Fig. 9 
could be any of the coordinator subsystems 16 or a combination of any of the coordinator 
subsystems 16 and the actuator control subsystems 26 located below the selected coordinator 
subsystem 16. As illustrated in Fig. 9, the upper hierarchical level 400 communicates with the 
lower hierarchical level 402 via an interface separated into a plurality of channels 408. Each 
channel 408 includes information flow between the upper hierarchical level 400 and the lower 
hierarchical level 402 pertaining to a specific type of variable and/or information. 

[0057] In the illustrated example of Fig. 9, the upper hierarchical level 400 and the lower 

hierarchical level 402 communicate through seven channels, although it is contemplated that 
more or less channels could be used. The illustrated first channel 408a transmits downward 
signals 404 from the upper hierarchical level 400 to the lower hierarchical level 402 and 
upward signals 406 from the lower hierarchical level 402 to the upper hierarchical level 400. 
The downward signals 404 sent through the first channel 408a include a signal requesting 
whether the lower hierarchical level 402 is enabled and a signal reporting a communication 
configuration of the signals of all the channels 408. The communication configurations can be 
active, sampling frequencies, continuous, polled and others. The upward signals 406 sent 
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through the first channel 408a include a signal confirming that the lower hierarchical level 402 
is enabled. 

[0058] The illustrated second channel 408b transmits downward signals 404 from the upper 

hierarchical level 400 to the lower hierarchical level 402 and upward signals 406 from the 
lower hierarchical level 402 to the upper hierarchical level 400. The downward signals 404 
sent through the second channel 408b include signals requesting at least one vehicle 
modification. Therefore, in the illustrated example, the downward signals 404 sent through the 
second channel 408b includes signals requesting corner heights, corner lift forces and/or corner 
damping. The upward signals 406 sent through the second channel 408b include signals 
reporting the capabilities or abilities of the actuator control subsystem 26. Therefore, in the 
illustrated example, the upward signals 406 sent through the second channel 408b can include 
current and future available heights, current and future available lift forces and/or current and 
future available damping factors. 

[0059] The illustrated third channel 408c transmits downward signals 404 from the upper 

hierarchical level 400 to the lower hierarchical level 402 and upward signals 406 from the 
lower hierarchical level 402 to the upper hierarchical level 400. The downward signals 404 
sent through the third channel 408c include a signal requesting a mode of operation of the 
lower hierarchical level 402. The mode of operation of the lower hierarchical level 402 can 
include precision of the actuator control subsystems 26, responsiveness of the actuator control 
subsystems 26, minimize usage of the actuator control subsystems 26, parking, highway, 
comfort, performance, economy and/or a default setting, which may be any mode of operation. 
The upward signals 406 sent through the third channel 408c include a signal reporting available 
modes of operation of the lower hierarchical level 402 and/or a signal confirming that the 
lower hierarchical level 402 is operating in the requested mode of operation. 

[0060] The illustrated fourth channel 408d transmits downward signals 404 from the upper 

hierarchical level 400 to the lower hierarchical level 402. The downward signals 404 sent 
through the fourth channel 408d include the vehicle state measurements (e.g., ambient 
temperatures, vehicle speed, actual torque, engine speed, etc.) 

[0061] The illustrated fifth channel 408e transmits upward signals 406 from the lower 

hierarchical level 402 to the upper hierarchical level 400. The upward signals 406 sent 
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through the fifth channel 408e include actuator state measurements (e.g., actual heights, actual 
lift forces/damping, actual actuator temperatures, etc). 
[0062] The illustrated sixth channel 408f transmits upward signals 406 from the lower 

hierarchical level 402 to the upper hierarchical level 400. The upward signals 406 sent 
through the sixth channel 408f include a request for electrical power for the lower hierarchical 
level 402. 

[0063] The illustrated seventh channel 408g transmits upward signals 406 from the lower 

hierarchical level 402 to the upper hierarchical level 400. The upward signals 406 sent 
through the seventh channel 408g include a status of the lower hierarchical level 402 
independent of the current vehicle behavior. For example, the status of the lower hierarchical 
level 402 could include a normal status or a "limp home" status. With the "limp home" status, 
the actuator control subsystem 26 is not functioning properly and therefore, the vehicle should 
minimize use of the particular actuator control subsystem 26. Therefore, the upper 
hierarchical level 400 would minimize use of the particular actuator control subsystem 26 by, 
for example, lowering the speed of the vehicle. It is contemplated that the lower hierarchical 
level 402 could have other statuses that are independent of the current vehicle behavior. 

[0064] In the preceding example, the upper hierarchical level 400 is a vehicle motion control 

subsystem 12 and the lower hierarchical level 402 is a combination of the suspension 
coordinator subsystem 22, the damping control subsystem 42, the roll control subsystem 44 
and the leveling control subsystem 46. However, it is contemplated that the upper hierarchical 
level 400 can include the vehicle motion control subsystem 12, one of the coordinator 
subsystems 16 or a combination thereof, and that the lower hierarchical level can include one 
of the coordinator subsystems 16, one or more of the actuator control subsystems 26 or a 
combination thereof. Therefore, the upper hierarchical level 400 can communicate with the 
lower hierarchical level 402 as described above. Furthermore, although seven channels are 
illustrated in Fig. 9, it is contemplated that the upper hierarchical level 400 and the lower 
hierarchical level 402 could communicate using any number of channels (including one 
channel) or in any other manner of communicating. 

[0065] The illustrated upper hierarchical level 400 and the lower hierarchical level 402 of the 

present invention enhances the performance of vehicle by reporting the abilities of the lower 
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hierarchical level 402 to the upper hierarchical level 400. Referring to Fig. 10, a method 500 
of controlling a vehicle is shown. Beginning at step 502 of the method 500 of controlling the 
vehicle, the vehicle is provided with the upper hierarchical level 400 and the lower hierarchical 
level 402. The method also includes communicating downward signals 404 from the upper 
hierarchical level 400 to the lower hierarchical level 402 at step 504, wherein the downward 
signals 404 include at least one request for vehicle modification. The method also includes 
communicating upward signals 406 from the lower hierarchical level 402 to the upper 
hierarchical level 400 at step 506, wherein the upward signals 406 include availabilities of the 
lower hierarchical level 402 independent of the request for vehicle modification. It is 
contemplated that steps 504 and 506 can occur continuously or intermittently. Furthermore, it 
is contemplated that steps 504 and 506 can occur simultaneously or either one before the other 
one. 

[0066] The vehicle control system or any component thereof (e.g., each subsystem or 

subsystems grouped together) may include a general-purpose microprocessor-based controller, 
and may include a commercially available off-the-shelf controller. The vehicle control system 
or component thereof preferably includes a processor and memory for storing and processing 
software algorithms which processes inputs and provides output control signals. Preferably, all 
components (of a certain size) of the vehicle control system 10 are divided among the available 
electronic control units in the vehicle based on available memory, calculation power, bus 
capacity, safety requirements, etc. It is further noted that all steps shown in Figs. 5A-7 are 
preferably repeatedly executed, possibly at different communications frequencies. 

[0067] Although the illustrated vehicle control system is illustrated as being an integral unit, 

the subsystems of the vehicle control system can be used in combination with other subsystems 
not disclosed herein. For example, the driver subsystem 15, the active assist subsystem 17 and 
the vehicle motion control subsystem 12 can be used with any implementation subsystem, 
wherein the implementation subsystem handles the function of implementing the commands 
from the vehicle motion control subsystem. Furthermore, the driver subsystem 15 and the 
active assist subsystem 17 can be used with any vehicle control and implementation subsystem, 
wherein the vehicle control and implementation subsystem receives the intended driving 
demand 14 from the active assist subsystem 17 and implements the intended driving demand 14 
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with the vehicle. Likewise, the vehicle motion control subsystem 12, the coordinator 
subsystems 16 and the actuator control subsystems 26 can be used to implement any intended 
driving demand 14 coming directly from the driver and/or active assist programs or from 
anywhere else. Finally, each of the coordinator subsystems 16 can be used separately or in 
combination with subsystems varying from those disclosed herein. Further combinations will 
be readily apparent to those skilled in the art. 
[0068] It will be readily appreciated by those skilled in the art that modifications may be made 

to the invention without departing from the concepts disclosed herein. The controllers can be 
interconnected via a service data bus of the vehicle or are hard-wired together. Furthermore, 
the controllers could be implemented in any of a number of microprocessor based controllers. 
While digital controllers are described herein, it should be appreciated that the controllers 
could alternatively be in analog circuitry. Such modifications are to be considered as included 
in the following claims, unless these claims by their language expressly state otherwise. 
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